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The effort during the reporting period February 1 to February 29, 1964
was devoted primarily to the division of the complete program into four
separate jobs, The portion of the flow field computed in each job was
indieated in the Jamary progress report. As moted previously, these four
jobe ere on ome tgpe and may be run consecutively.

The checkout of ths nsw deck has been initiated and severasl inviscid
test cases have bsern run with moderate succeas, The external flow field
and moet of the internal flow field was computed for the axially symmetrie
test case degeribsd in the fifth orogress report. A two~dimensional inlet
with a shock corner on the centerbody is also being run at the present time
to check out the routine for intersectlion of shocks of the same family. The
curve fitting of the external flow region is of great importance for this -
case, since the flow field unstream of the sscond shock wave is not free
strean,

Due to the large number of subroutines in this program, errors of a minor
nature arise quite frequently. These are being corrected as they are en-
countered, Now that the complete program is included in the new deck the
ohéckout is oxpected to proceed at a much faster rate. The following pera=-

The interaction betwsen an oblique shock wave and either a laminar or
turbulent boundary layer 1s a highly complex problem for which no exaet solution
exjsts, However, 1t is still possible to obtain results that are useful for
engineering purposes by setting up an idealized model of the interaction and
correlating the solutions with experimental date. By proper use of the con-
servation equations, the gross behavior of the process ie examined while the
minute detalls in the interaction region are neglscted. In the present analysis,
a romentum integral aporoach is used, A control volume of unimown length is
utilized aeross which there is a discontinuity in pressure due to the incident
and reflected shock waves. The conservetion of mass and momentum equations are
then epplied across this control volume (Figure 2). A test for separation based
on expsrimental data is incorporated into the progrem end if the pressure rise

is sufficiently great, the comment "boundary layer separates" is printed out,
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The validity of the analysis is greatest for thin boundary layers. If the
thickness of the boundary layer is greater than the acceptable walne, this
is also printed out.
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Figure 1

Computed . flow field prior to shock-boundery layer interection.

1) As the cowl lip shock is being computed, test for intersection with the

edge of the boundary layer. After locating the intersection voint, interpolate
1inearly for 6 at this point (Figure 1). Region 1 properties are those immedi-
ately upstream of the intersection point.

2) Point 1 inviscid properties are obtained from a curve fit of the region and
from the R-gas progrem. Required boundary layer properties are S,, y 2 ©, and o £
In addition, (3 , 18 needed for a laminar boundary layer. 1If the boundary layer
is turbulent, my is required.
'3) Caloulate =2 /,c where t 4s the height of the inlet duct at the station where
the shock impingement occurs (Fifure 1). If S'/ N < 0.2, proceed with the cal-
culetion, If 6‘/ % > 0,2, print out "thick boundary layer' and continue. '

Figura 2
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L) Compute P, from equation:
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(6 18 relative to 6 _ )
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Note: Steps 4 through 11 are only valid for a verfect gas. The modifications
for a recl ges are slight and heve been omitted, since the procedure is es-
sentially the sanme,

5) Coumpute @ o from equation:
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6) Find 8 , T ., h and a_ from Ames R-gas nrogrem for a perfect gas.
Enter with Pe32 and eez.
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7) Compute § o from equation:
2
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(Teke negative sign for reflected left running sheck as shown in Figure 2)
8) Compute Ve from energy equation and solve for Me using sound speed from
step A, 2 <
2

Ve = 2(ho-h62) + Vo
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9) Compute P, from eqation:
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Where 63 15 set equal to & . 1.e.; the reflected shock is of the same
strength as tRe incident shock. 1

10) Compute 92_3 from equation:

P
(F+ 052 + (¥-1)

8in Qe =

Take + sign for Mgure 2 situation.
11) Compute @, from equations
3
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12) Enter Ames R gas progren for a perfect gas with Po, 2rd @ to find
3
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13) Compute V, from equation:
3
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v93 = 2(h_ - hGB) + Vo

14) Compute M, and/”"eq from equeticns:
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15) Compute the following pressure coefficlents:

16) Using o, and M, , compute G from equation:
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17) Compute Gp

H]

=2
o

©

i’

Where 'Ka (0.81 for laminzr boundary layer

22 for turbulent boundary layer

12) Compare ¢C o from Step 22 with C  fron Sten 20

s £
It ¢ < 2C_ , proceed with calculations
Pe Py
If C » > 2 Co » mrint out "Zcundary layer Sevparates®™ and eontirue.
-8

19) Define the boundary layer parameters f znd g as the following:
*

fF = 0
§
g = 8
§

If beundary layer is laminur, vroceed to Step 20. If boundary leyer is

turbvlent, nroceed to Stevp 26.

20) Assume ﬁ ;1) = (3 of the 1lst station upstrezam of the shock-boundary

layer intersection.
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21) Transfer t¢ laminar boundary layer progrem and compute the properties
uring the assumed value of 3 3¢ Assume en adisbatic wall (no heat
transfer) and obtain other required imput data from stans 11 and 12.
Compute f and g from Step 19 definitions.

22) Compute g' from equation:
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(Derived from momantum balance aeross control velumes)
23) Assume e = 0,99 ﬁB and repeat steos 26 z2nd 27,
3

24) Obtein 3rd estimate of (33 from equations
(2) (2) ()

) . B® _ (-0 B, -6,
b= B )N 03

t
‘ [(g «) =-(g ~¢)
Contimie with Newton-Revhson vrocedure until

- << .
By, - 8y |= (8 xo0;

8 #*
Print out final vajues of 3 )
reflected shock.

39 93; S ete., at edge of

25) locate Xy, the moint of refloction of the shock fron equotions

‘\x - X, = (8 -6) coT [EZ) —68}

where Xy =X is measured along the body.



Zurbulent Roundery laeyer

26)

27)

28)

20)

30)

Define beundary layer perameters f and g in the Tollowing way:

f=§_ = [(1- f )d(x_)
g = 8 = (1 - _u) v a(w
& Ye £ e’ 6

Obtain the values of the above parameters from the turbulent boundery layer

progrem. They anpeer in equation (14) where,
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n= 84 =4
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As initial inputs, assume my at shock reflection voint are equal to the

values at incident point.

Compute g' from equations
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Assume mi(?) = 0,9¢ mi(l) and repeat otops 32 end 33,

Obtain 3rd estimete of my from equatinni
(2) 4
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Continue with l'ewton-~Rashson nrocodure until

l(m;)i 41 -~ (gl I = (wy), = 0.002
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31) Once final values of 53/53 and ’/53 have been obtained, compute 83

from equations

5 G ve 1-81

23= 213 51

81 ee;re3 l- 6?4
53

32) looate x; &8 in Stev 30,

33) Wow thet the reflection point, m and § ore }ynown, obtain B*, 0’;, Cps Cf., ate.
from turbulent boundery layer program. ,

34) Return to inviscid wpshock (or downshock) routine znd recume computation of the
flow field.
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HOMENCLATURE

speed of sound .

local skin friotion coefficient

pressure coefficient defined by step 15
boundary layer peremeter defined in etep 19
boundary layer paramster defined in step 19
separation eonstant defined by step 16
statioc enthalpy

boundary layer shape factor

enpirical factor in separation oriterie
power law exponent in turbulent boundary layer solution
Mach number

pressure

local entropy

atatioc temperature in °r

local velooity

ressure gradient parameter in laminar boundary layer

isentropic exponent

stream angle, boundary layer thickness

boundary layor dlgplacement thickness

shock wave angle, boundary layer momentum thickness
density

Mach engle

Subsoripte

free stream conditions
regions of flow field defined in Figure 2
inviscld properties et edge of bounddry layer
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